Background: In Japanese males and females, lung cancer is currently the second and fourth most common type of cancer, and the first and second leading cause of cancer-related deaths, respectively. Methods: Of all Japanese male and female lung cancer patients aged 20 years whom the BioBank Japan Project originally enrolled between 2003 and 2008, 764 males and 415 females were registered within 90 days after their diagnosis. We described the lifestyle and clinical characteristics of these patients at study entry. Furthermore, we examined the effect of these characteristics on all-cause mortality. Results: In the lung cancer patients registered within 90 days, the frequencies of occult or stage 0, stage I, II, III and IV were 0.4%, 55.8%, 10.8%, 22.0% and 11.0% for males and 0.3%, 62.4%, 9.9%, 17.1% and 10.2% for females, respectively. The proportions of histological types in males and females were 56.3% and 82.4% for adenocarcinoma, 26.9% and 8.2% for squamous cell carcinoma, 4.5% and 1.5% for large cell carcinoma, 7.7% and 4.1% for small cell carcinoma and 4.6% and 3.8% for others, respectively. Among 1120 participants who registered within 90 days, 572 participants died during 5811 person-years of follow-up. Low body mass index, ever smoker, more advanced stage, squamous cell or small cell carcinoma and high serum carcinoembryonic antigen level at study entry were crudely associated with an increased risk of all-cause mortality after adjustment for age. Conclusions: This study showed the association of several lifestyle and clinical characteristics with allcause mortality in lung cancer patients.
Introduction
Lung cancer has increased in incidence over the past several decades, and is a major health problem throughout the world. 1, 2 In Japan, owing to a similar increasing trend, 3 lung cancer is currently the second and fourth most common type of cancer in males and females, respectively. 4 Smoking is a well-known strong risk factor for the development of lung cancer. 5 However, the frequency of this unfavorable habit is still higher in Japanese males compared with males in the Western countries. 6 Thus, the prevalence of lung cancer may have a possibility to remain high in Japanese males. Meanwhile, different cause-effect relationships exist between smoking and the onset of lung cancer when taking histological type into consideration; smoking has a greater effect on the incidence of squamous cell carcinoma and small cell carcinoma, as compared to other histological types. 5 Lung cancer is a fatal malignancy. 1, 2 The latest Japanese National
Vital Statistics reported a total of 73,396 annual deaths due to cancer of the lung, trachea and bronchus (52,505 deaths in males and 20,891 deaths in females). 7 As a result, lung cancer is the leading cause of cancer-related death in Japanese males and the second leading cause of cancer-related death in Japanese females, respectively. 7 This poor prognosis is mainly due to the unfavorable fact that lung cancer is often diagnosed at an advanced stage. The frequency of late diagnosis of lung cancer also varies among histological types. 10, 11 The BioBank Japan (BBJ) Project is a large patient-based biobank designed to implement personalized medicine for common diseases such as cancer and cardiovascular disease. Since the morbidity and mortality of lung cancer are different between males and females, 4, 7 it is worthwhile to examine clinical characteristics and mortality of lung cancer patients by sex. In this study, we attempted to investigate lifestyle and clinical characteristics of Japanese lung cancer patients and their prognosis by sex, using the BBJ Project database.
Participants and methods

Study design and population
Details of the study design and protocol of the BBJ Project were described elsewhere. 12, 13 Briefly, the project enrolled patients with any of 47 common target diseases including lung cancer between June 2003 and March 2008, from 66 hospitals consisting of 12 cooperating medical institutions throughout Japan. This project collected clinical information and biological samples from participants annually until March 2013, regardless of whether the patients were newly diagnosed or treated cases. This project also followed up participants who had at least one of 32 diseases until 2014. The study protocol of the BBJ Project was approved by the research ethics committees of the Institute of Medical Science, the University of Tokyo, RIKEN Yokohama Institute and the 12 cooperating medical institutions. Written informed consent was obtained from all participants. The BBJ Project originally enrolled 3779 lung cancer patients (2428 males and 1351 females). Of the 3779 participants, 197 were excluded due to missing data on the time from their diagnosis of lung cancer to study entry. Accordingly, we described the overview of lifestyle factors and clinical profiles of the remaining 3582 lung cancer patients (2299 males and 1283 females). To describe the characteristics of possible newly diagnosed lung cancer patients, we selected 1179 participants (764 males and 415 females) who were registered in the BBJ Project within 90 days after their diagnosis of lung cancer. Of these 1179 participants, 59 were excluded due to refusal to participate in the follow-up survey (n ¼ 57) or loss of follow-up (n ¼ 2). Thus, 1120 participants (728 male and 392 female) were included in the survival analyses to examine the prognosis and its risk factors in lung cancer patients.
Data collection
Clinical data were collected at study entry via interviews and medical records. 14 The data included age at study entry, time from the diagnosis of lung cancer to study entry, height, weight, smoking habits, alcohol intake, past history, family history and clinical information at study entry including laboratory examination data (e.g., blood chemical markers and imaging data). Body mass index was calculated as weight in kilograms divided by height in meters squared. The blood chemical marker used in this report was serum carcinoembryonic antigen (CEA) level. The stage of lung cancer was classified according to the Japanese Classification of Lung Cancer, the 6th edition (2003) . In this report, stage was primarily determined by the findings of pathologic stage, while missing data of pathologic stage were complemented with the findings of clinical stage. The histological type of lung cancer was determined primarily based on the findings in surgically resected tissues, while missing histological data were complemented with the findings from biopsy or cytological samples.
Follow-up survey
Follow-up survival survey was conducted until 2014 to determine whether the status of each participant was alive, relocated, unidentified, or dead by confirming their residence cards. 15 The new addresses of participants who relocated were also recorded in the next survival survey. The date of death was also recorded for deceased participants. The outcome assessed in this study was death due to all causes. Details of the follow-up survey were described elsewhere.
13,15
Statistical analysis
We performed a descriptive analysis of lifestyle and clinical characteristics of lung cancer patients for males and females separately, because smoking habits influences the proportion of histological type and cancer stage at diagnosis of lung cancer. 5, 10, 11 The characteristics of interest were age at study entry, body mass index, smoking and drinking habits, comorbidities of chronic obstructive pulmonary disease and interstitial pneumonia/pulmonary fibrosis, family history of lung cancer, stage, histological type, and serum CEA level. The frequency of each characteristic was calculated in male and female study participants after excluding those with missing data. This analysis was performed in all participants and participants who were registered in the BBJ Project within 90 days after their diagnosis of lung cancer. The same analysis was conducted after stratifying the participants by age at study entry (20e59 versus 60 years old) or histological type. We evaluated the prognosis of lung cancer in participants registered within 90 days after their diagnosis for male and female separately and for males and females combined. We calculated the 5-year relative survival rate by dividing the 5-year cumulative survival rate by the sex-and age-adjusted expected survival rate in our eligible lung cancer patients. The 5-year cumulative survival rate was calculated, using the KaplaneMeier method. The expected survival rate was calculated, using a survival-rate table of a reference Japanese cohort from the Cancer Registry and Statistics, Cancer Information Service, National Cancer Center, Japan, 16 which was based on sex-and age-specific mortality rates and GompertzMakeham's law in abridged life tables, published annually by the Statistics and Information Department of the Ministry of Health, Labour and Welfare, Japan. 17 We examined the impact of lifestyle and clinical characteristics on all-cause mortality in lung cancer patients registered within 90 days after their diagnosis, with males and females combined. We used a Cox proportional hazards model to estimate the hazard ratios and 95% confidence intervals (CIs) for mortality for each characteristic category, with one category set as the reference. The model was stratified by sex and institution to account for variability in baseline hazards between sexes and among the institutions. The model incorporated age at study entry (years as a continuous variable) and the entry year (2003, 2004, 2005, 2006, 2007 and 2008 , setting year 2003 as the reference) in addition to each characteristic. We examined the association between BMI and mortality using a continuous variable, as well as the categorical variable. In this analyses, we excluded the participants with missing data or the group of small number of participants. Similar analyses were conducted only for participants with adenocarcinoma, the most common histological type of lung cancer. All statistical analyses were performed using SAS version 9.4 (SAS Institute Inc., Cary, NC, USA). All p values were two-tailed, and the significance level was set at p < 0.05.
Results
Characteristics of all participants with lung cancer
Among 2299 male and 1283 female lung cancer patients aged 20 years at the enrollment, the mean (standard deviation) age at study entry was 67.5 (9.6) years for males and 65.9 (9.8) years for females. The distribution of the participants according to age at study entry is illustrated in Fig. 1 ; age distribution was slightly negatively skewed in both sexes, with the peak in the 70e74 year age group for males and the 65e69 year age group for females. The distribution of all the male and female participants, according to the time from the diagnosis to study entry was as follows: 33.2% and 32.3% for 90 days, 24.0% and 19.9% for 91e365 days, 29.6% and 33.0% for 1e4 years, 10.2% and 11.2% for 5e9 years, 2.3% and 2.8% for 10e14 years, 0.5% and 0.7% for 15e19 years, 0.2% and 0.1% for 20 years. Tables 1 and 2 summarize other characteristics of the male and female lung cancer patients, respectively. Male and female participants who had a history of smoking at study entry (current or former smoker) accounted for nearly 90% and 30% of known cases, respectively. Over 10% of male and female participants had a family history of lung cancer. Among the participants with stage information, over half of males and approximately two-thirds of females were classified as stage I at study entry, while nearly onetenth were diagnosed as stage IV. In both sexes, adenocarcinoma was the most common histological type followed by squamous cell carcinoma, small cell carcinoma, and large cell carcinoma, although the proportion of adenocarcinoma was higher in females compared with males. Over one-fourth of males and one-fifth of females had a serum CEA of 5 ng/mL or higher, respectively.
Characteristics of participants registered within 90 days year after diagnosis
Of all lung cancer patients aged 20 years, 764 male and 415 female participants were registered within 90 days after the diagnosis of lung cancer. The mean age (standard deviation) at study entry was 66.0 (9.6) years for males and 64.7 (9.4) years for females. Age distribution of these participants were shifted to younger as younger as compared to the overall participants for both sexes (Fig. 1) . In both sexes, the frequency of stage IV was slightly higher and the proportion of serum CEA 5 ng/mL was higher in those registered within 90 days compared with the overall participants (Tables 1 and 2 ). In females, the frequency of ever smoker was higher in those registered within 90 days compared with the overall participants ( Table 2) . Other characteristics were similar for those registered within 90 days and the overall participants in both sexes.
When these male and female participants were stratified by age at study entry, there were several differences between the younger (aged 59 years or less) and older (aged 60 years or more) groups (Tables 1 and 2 ). In males, adenocarcinoma was more predominant in the younger group compared with the older group, although adenocarcinoma was the most common histological type in both age groups. In females, the frequencies of ever smoker, alcohol drinker and a positive family history of lung cancer was higher in the younger group than in the older group, while the frequencies of obesity was lower in the younger, than older, age group. In both sexes, the frequency of participants with serum CEA 5 ng/mL was higher in the older group than in the younger group.
When these participants were stratified by histological type, we found the differences in several characteristics (Tables 3 and 4 ). The frequency of ever smoker was predominant in all histological types except for adenocarcinoma in females. In males, small cell carcinoma was detected at more advanced stages compared with the other types, while in females, squamous cell carcinoma and small cell carcinoma was detected at more advanced stages compared with the remaining two types. In both sexes, adenocarcinoma and large cell carcinoma were distributed at younger age levels, as compared to squamous cell carcinoma or small cell carcinoma. Furthermore, participants with small cell carcinoma had the highest frequency of serum CEA 5 ng/mL among all histological types.
Prognosis of participants registered within 90 days year after diagnosis
Among the 1120 participants involved in the survival survey, the mean (standard deviation) follow-up period was 5.2 (3.4) years in a total of 5811 person-years of follow-up. During the follow-up period, 572 deaths were identified in the total period and 471 were identified during the 5 years of follow-up. Consequently, the 5-year cumulative survival rate was 57.1% (95% CI, 54.2e60.0%). The 5-year relative survival rate was 62.8% (95% CI, 59.5e66.0%). In males, the 5-year cumulative survival rate was 49.2% (95% CI, 45.5e52.9%), while the 5-year relative survival rate was 55.4% (95% CI, 51.3e59.6%). In females, the 5-year cumulative survival rate was 71.9% (95% CI, 67.4e76.4%), while the 5-year relative survival rate was 75.6% (95% CI, 70.9e80.4%). Table 5 shows which clinical characteristics will affect all-cause mortality in male and female-combined participants. The risk of all-cause mortality increased with increasing age at study. In addition, low body mass index, and ever smoker, more advanced stage, squamous cell or small cell carcinoma, and elevated serum CEA level were crudely associated with an increased risk of allcause mortality after adjustment for age at study entry and entry year (Table 5) . Abbreviations: CEA, carcinoembryonic antigen; COPD, chronic obstructive pulmonary disease; IP/PF, interstitial pneumonia/pulmonary fibrosis.
When we focused on the participants with adenocarcinoma, similar relationships between clinical characteristics and all-cause mortality were observed (Table 5) .
Discussion
In this report, we described the lifestyle and clinical characteristics of Japanese male and female lung cancer patients involved in the BBJ Project. As compared to the results of lung cancer patients in the Patient Survey in Japan, 2005 (Fig. 1) , 18 our registry contained a greater proportion of younger age distribution in both sexes. In both sexes, stage and serum CEA level were worse in those registered within 90 days compared with the overall participants. As anticipated from the evidence that smoking is a strong risk factor for lung cancer, 5 our study population had a much higher frequency of ever smoker than a general Japanese population for both sexes. 19 A report of the Japanese Lung Cancer (JLC) Registry showed that the frequency of each stage was 0.3% for stage 0, 29.3% for stage IA, 15.5% for stage IB, 1.4% for stage IIA, 6.3% for stage IIB, 11.7% for stage IIIA, 14.5% for stage IIIB, and 20.9% for stage IV in newly diagnosed lung cancer patients registered in 2002 throughout Japan. 10 Another Japanese registry, which was comprised of patients at two major hospitals in Tokushima prefecture between 1999 and 2009, reported that the frequency was 22% for stage IA, 10% for stage IB, 1% for stage IIA, 5% for stage IIB, 11% for stage IIIA, 17% for stage IIIB, and 31% for stage IV. 11 Our participants, even those registered within 90 days after diagnosis, had less advanced stages of lung cancer, compared with these two registries. One possible explanation may be the difference in the definition of cancer stages. Stage used in this report was determined using either pathologic stage or clinical stage, whereas two registries used clinical stages.
Another explanation for this difference may be the differences in participating hospitals among the registries. The JLC Registry reported that the proportion of histological types of lung cancer was 57.5% for adenocarcinoma, 26.1% for squamous cell carcinoma, 0.8% for adeno-squamous cell Abbreviations: CEA, carcinoembryonic antigen; COPD, chronic obstructive pulmonary disease; IP/PF, interstitial pneumonia/pulmonary fibrosis.
carcinoma, 3.0% for large cell carcinoma, 9.3% for small cell carcinoma, and 3.3% for others. 10 The Tokushima Registry showed that the proportion was 51% for adenocarcinoma, 25% for squamous cell carcinoma, 3% for large cell carcinoma, 13% for small cell carcinoma, and 8% for others. 11 Our registry showed a higher proportion of adenocarcinoma and a lower proportion of squamous cell carcinoma and small cell carcinoma compared with these two registries, when males and females were combined. Histological type is known to influence the choice of therapeutic strategy. 10, 11 Therefore, the frequency of histological types may be different among the participating hospitals, which may have resulted in the differences in the proportion of histological types among the registries. These two relevant registries permitted calculation of the prevalence of each disease stage in patients grouped according to histological type, and reported that small cell carcinoma was more frequently diagnosed at an advanced stage compared with the other histological types of lung cancer. 10, 11 The JLC Registry reported that stage IV accounted for 40.3% of small cell carcinoma cases, while stage IV accounted for 18.6% of non-small cell carcinoma cases. 10 The Tokushima Registry showed that stage IV accounted for 49.8% of small cell carcinoma cases, while stage IV accounted for 29.6% of non-small cell carcinoma cases. 11 Although our registry generally showed a similar pattern, stage IV accounted for a smaller percentage of small cell carcinoma cases in our registry compared with these two registries possibly due to the issue mentioned earlier.
The Japanese Association of Clinical Cancer Centers reported a 5-year relative survival rate of 43.8% in 10512 lung cancer patients who were registered between 2004 and 2007 (stage I, 39.3%; stage II, 7.2%; stage III, 24.9%; stage IV, 27.1%; and others or unknown, 1.5%). 20 Our lung cancer participants had a better 5-year relative Abbreviations: CEA, carcinoembryonic antigen; COPD, chronic obstructive pulmonary disease; IP/PF, interstitial pneumonia/pulmonary fibrosis.
survival rate than the lung cancer patients involved in the Japanese Association of Clinical Cancer Centers, because our population had a higher frequency of stage I patients. The JLC Registry demonstrated that more advanced stage was associated with poorer prognosis in lung cancer patients after 5 years of follow-up. 10 Furthermore, small cell carcinoma had the worst prognosis, followed by large cell carcinoma, squamous cell carcinoma/adeno-squamous cell carcinoma, and adenocarcinoma. 10 Our results were consistent with the results of this registry.
Although our participants had more favorable clinical characteristics than the participants of this registry, our survival analysis also identified similar predictive factors for all-cause mortality in lung cancer patients. In addition to cancer stage and histological type, we observed that ever smoker, low body mass index, and elevated serum CEA level were also crudely associated with poorer prognosis after adjustment for age and study entry year. Factors associated with poorer prognosis identified among the total cases of lung cancer were similar to those of adenocarcinoma.
The strength of the present study is the enrollment of male and female lung cancer patients from many participating hospitals nationwide. In addition, we provided sex-specific information on the characteristics of Japanese lung cancer patients. On the other hand, the present study has several limitations. First, the survival analysis was conducted among cases registered within 90 days after their diagnosis, not definite incident cases. There might have been a bias resulting from selecting survival patients in our prognostic assessment. Therefore, the true prognosis of lung cancer may be worse than we observed. Second, we identified factors predicting all-cause mortality in lung cancer patients after adjustment only for age and entry year. These predictive factors may be interrelated, while other factors such as performance status and treatment may confound the associations we observed. Therefore, caution should be taken in interpreting our results. Finally, there were missing data on some variables in the BBJ Project database. The main reason for missing data was that the data were collected mostly from medical records in which limited clinical information was available. Another possible reason for missing data on cancer stage was that the data were collected through medical records regarding each component of the TNM classification (included in the Japanese Classification of Lung Cancer, the 6th edition (2003)), but not stage. Furthermore, some cancer patients admitted participating hospitals for only therapeutic procedures or followup after being diagnosed at other hospitals. It is unclear whether these reasons for missing data had a crucial effect on our results.
In conclusion, the findings of lung cancer patient characteristics detailed in this report are to some extent in accordance with other nationwide or local registries on lung cancer, with the requirement of caution that our patients had less advanced stages of lung cancer, compared with other registries. In the survival analysis, we found that some characteristics at study entry would be crudely associated with all-cause mortality in Japanese lung cancer patients. In spite of the caution mentioned earlier, the BBJ Project can be expected to provide reliable and valuable evidence on lung cancer.
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